Hydrogen and oxygen isotope ratios of 500 samples, mainly from granitic plutons, were measured along a 700-km, E-W traverse across the "accreted terranes" of southern British Columbia (latitudes 49ø-52øN). Despite the geological complexity and range of intrusive ages (Late Triassic to Tertiary) and although there are "steps" in the isotopic values at some geologic boundaries (e.g., across the Strait of 
INTRODUCTION
In previous hydrogen and oxygen isotope studies [Magaritz and Taylor, 1976a 
GENERAL GEOLOGICAL RELATIONSHIPS
Although the number of available age determinations in British Columbia is quite large, the reliability of the K/Ar ages is questionable when discussing the age of plutonic emplacement. This is particularly true in areas where multiple thermal and intrusive events have occurred. For example, in the Coast Plutonic complex, it was noted by Roddick and Hutchison [1974] that K/Ar ages reflect the time of uplift and unroofing of the region, and not the time of emplacement of the plutons. Unfortunately, some of the early Sr isotope data in this area were predicated on the assumption that the ages obtained from the K/Ar method reflect the original age of intrusion [Fairbairn et al., 1964] .
In some cases, it may be justified to use the K/Ar method to give us the age of the youngest intrusive or thermal event and thus date the age of the youngest hydrothermal system in a given area [e.g., Magaritz and Taylor, 1976a; Criss and Taylor, 1983] . In fact, middle to early Tertiary intrusions are widespread in southern British Columbia, Washington, and Idaho. However, during the early Tertiary, wide areas in south central British Columbia were also affected by a thermal event recorded by K/Ar resetting in regionally metamorphosed rocks [Mathews, 1981 [Mathews, , 1983 . It is very difficult to separate the K/Ar effects of intrusive (plus hydrothermal) events versus simple uplift events. In some cases they operate simultaneously [e.g., Criss et al., 1982] .
Based on a review of the available literature, Table 1 describes some of the pertinent age relationships for the terranes that we have studied in southern British Columbia. [1979] , and Roddick [1983] . Many of the plutons of the Coast Plutonic complex were evidently emplaced at shallow depths in the crust and are classified as mesozonal to epizonal [Gabrielse and Reesor, 1974] . Cenozoic uplift rates are discussed by Parrish [1983] .
The section across the Cordilleran batholiths presented in this paper is from a region where the Coast Plutonic Complex reaches its maximum width (190 km) between latitude 49 ø-52øN (Figure 2). This composite batholith is made up almost wholly of plutonic granitic rocks and gneisses, grading eastward into more isolated plutons emplaced into metasedimentary rocks. A summary of the setting and nature of the granitic plutons is given by Gabrielse and Reesor [1974], Roddick and Hutchison [1974], Monger and Price
To the west of the Coast Plutonic Complex, across the 40-km-wide Strait of Georgia, is southern Vancouver Island; this area is composed dominantly of metamorphosed volcanic and volcaniclastic rocks (Wrangellia Terrane) intruded by many small, isolated granitic plutons [Jones et al., 1977; Muller, 1977] . With respect to the abundance of granitic plutons, there is a marked contrast between Vancouver Island and the mainland, even though the coastal area of the mainland is also included in the Wrangellia Terrane (Figure 2 ).
Tertiary intrusions have been locally identified in Vancouver
Island (e.g., the Kennedy Lake area), but most of the granitic rocks have well-established Mesozoic ages [Carson, 1973] .
In the main part of the Coast Plutonic Complex, plutonism persisted along the same axis for a long period [Peto, 1974] , from at least mid-Cretaceous to early Tertiary [Roddick and Hutchison, 1974] ; however, earlier magmatic activity is probable. K/Ar determinations indicate that the older (Early Cretaceous) ages are found mainly in the west side of the belt and Tertiary ages are found to the east. K/Ar dates range from 140 to 40 Ma, typically decreasing eastward [see Parrish, 1983;  Figure 2]; the systematics of K/Ar ages suggest a sequential uplift and unroofing of the area from west to east [Hutchison, 1982; Roddick and Hutchison, 1974] .
East of the Coast Plutonic Complex, the plutons we studied can be divided into three groups: ( [Godwin, 1975; Medford et al., 1983] . From the published age data in the literature, it seems likely that most of the recorded hydrothermal activity occurred in the Cretaceous to mid-Tertiary time period. We believe that older hydrothermal events also occurred in these areas, but except in certain instances, the evidence is obscure because the rocks have either been eroded away or overprinted by the Tertiary hydrothermal activity. Only in cases where clear differences in the fluid composition exist, as in Vancouver Island, or where older events have been well preserved, as in the 200 Ma Guichon Batholith (or in the Jurassic Topley intrusions farther north; see Magaritz and Taylor [1976a] ), are we able to clearly delineate the earlier hydrothermal records.
A recent, widely discussed tectonic model for western North America is the "accreted terrane" concept [e.g., Jones et al., 1977; Saleeby, 1983- The paleomagnetic evidence for northward migration exists not only for sedimentary and volcanic sequences but also for the various batholiths. One of the problems with these models is the fact that the ages of some of the studied plutonic terranes are not well known; thus, in some cases it is not known if the paleomagnetic evidence suggests a fit to the North American plate or not [Monger and Irving, 1980] . For the areas we have examined in the present study, we note the following: (1) The Upper Triassic or Lower Jurassic [Northcote, 1969] Guichon Batholith appears to have been translated northward by 13 ø + 6 ø of latitude and rotated clockwise ,-,43 ø since emplacement [Symons, 1983] . About 6 ø of this translation was apparently earlier than mid-Eocene and 7 ø postdates this time [Symons and Litalien, 1984 ' Monger et al., 1982] . The Omineca Belt was emplaced between the North American plate and terrane I, which was accreted during the Late Jurassic, and the Coast Plutonic Belt between terrane I and terrane II, which was accreted during the Cretaceous. Note in this model that the suggested accretion period is the main period of plutonism. However, for these models to be compatible with the paleomagnetic data, then subsequent to accretion, there must have been a major northward translation of these terranes along strike-slip faults parallel to the western edge of the craton. Beck et al. [1981] , for example, conclude that the batholiths were formed more than 1000 km to the south and that they later moved to their present locations along major transform faults. The positions of these terranes at the time of batholith formation obviously have important consequences with respect to magma generation and emplacement, as well as to the climatic environ-Z ments where hydrothermal alteration takes place (as this controls the isotopic compositions of surface waters in those areas). 1 and 2 indicate the locations of the analyzed samples, and the analytical data are presented in Tables 2-7 . Thin sections and X ray powder diffraction patterns of all the samples were studied to identify the major minerals in each sample and to assure the purity of the mineral separates.
ANALYTICAL RESULTS

Figures
Oxygen for isotopic analyses was liberated from silicate samples by reaction with fluorine gas at 500ø-560øC, in the manner described by Taylor For identification of the isotopic composition of the hydrothermal fluid, it is important to study the D/H ratios of the hydrous phases in the rock. The hydrogen isotopes are much more sensitive to small degrees of water/rock interaction than are the oxygen isotopes because the hydrogen concentrations in rocks are very small. At a water/rock ratio >_0.1 (mass units), the gD values of the OH-bearing minerals in the rock are completely controlled by the external fluid (e.g., see Figure  8 of [Carson, 1973] ). All of the granitic rocks sampled by us come from this age group except for the Kennedy Lake area, which contains several Tertiary intrusions.
The granitic rocks of Vancouver Island typically display moderate alteration, evidenced by clouding of the plagioclase, chloritization, and prehnite lenses. A reasonable estimate of the depth of emplacement of the Jurassic intrusions is between 3 and 6 km [Carson, 1973] . This is well within the range where large convective hydrothermal circulation systems are commonly developed around granitic plutons .
For purposes of discussion, the analyzed granitic rocks from southern Vancouver Island are subdivided into four geographic groupings (Table 2 To investigate the hydrothermal alteration event(s) in more detail, several samples of feldspar were analyzed directly adjacent to prominent epidote-bearing veins for direct comparison with feldspar from the nearby bulk rock (Table 3) . In situ- See Table 2 footnote. The 10,000 series samples are described by Woodsworth [1980] . the southwest to Garibaldi and D'Arcy on the northeast (Table 4) to -90), very similar to primary magmatic deuterium concentrations in most igneous and metamorphic rocks throughout the world [Taylor, 1974b] . These isotopic compositions are also similar to the Cortes Island samples and to some other samples from the Western Coast Batholith (Figure 3) . However, the samples from the interior are characteristically much less chloritized than the coastal samples, and these interior samples also are all much higher in •80 than the Powell Figure 4) .
We also analyzed several of the mica schists that are abundant along the eastern edge of the Coast Batholith. Typical of such rocks elsewhere, these have relatively high whole-rock fx80 values, + 12.5 to +21.9, and the rSD values are very uniform at -69 to -73 (Table 4) (Table 5) . Thus the late Mesozoic and Cenozoic meteoric-hydrothermal activity that was so prominent in the surrounding batholiths (see below) seems to be totally missing here, in keeping with the preservation of the ancient K/Ar ages. (Figure 2) . The batholith was in part emplaced at relatively shallow depths, and it intrudes the Triassic Nicola Group in the west and the Shuswap metamorphic complex in the east [Peto, 1973] .
OKANAGAN (SIMILKAMEEN) BATHOLITH
Four samples were collected near Princeton, British Columbia, between the Lytton and Okanagan Batholiths (two basalts, a tonalite, and a diorite). These data are shown in Figure  5 and Table 6 
Central Okanagan Batholith
Several samples from the main part of the Okanagan Batholith were collected along the traverse PrincetonJellicoe-Trout Creek-Summerland (Table 6) The dramatically larger •80/•60 effects observed in the Okanagan Batholith in the vicinity of Okanagan Lake are almost certainly due in large part to the abundant Tertiary dikes and stocks that occur near this lineament. However, Okanagan Lake also probably occupies a major fracture zone, providing for enhanced permeability that would allow much (Table 7) . Some other strongly
•80-depleted samples are a basaltic dike (323b) and a pyriterich, hydrothermally altered quartz diorite (324), both of which are from the Slocan Lake Area along the east shore of Slocan Lake, and a chloritized granodiorite from the Northwestern Area, collected next to a prominent epidote-quartz vein at Needles on the west side of Arrow Lake (sample 320).
It is interesting that all of these • SO-depleted samples from the
Nelson Batholith were collected either (1) in close proximity to the Tertiary Coryell porphyry intrusions, or (2) along the edge of one of the large, narrow, north trending lakes that are so prominent in southern British Columbia. Analogous to the situation described above for the more extensive sample set from Okanagan Lake, it is probable that both Slocan Lake and Arrow Lake occupy fracture zones that represented major hydrothermal conduits for heated Tertiary meteoric waters, as well as access routes for the Tertiary Coryell intrusions.
In contrast to the very limited and local •80 depletions, which can only be produced at high water/rock ratios, the 
Combined D/H-IS0/160 Effects
If we examine the geographic variations of both 5D and 5180 throughout southern British Columbia, we obtain a series of L-shaped patterns, each one characteristic of a specific geographic area. These effects show up when 5D is plotted against either 5180 feldspar or against A180 quartz-feldspar (Figures 9 and 10) . On both diagrams, the horizontal arms of each "L" represent the samples that have been subjected to the highest water/rock ratios; in each case, the horizontal arm displays an approximately constant 6D value characteristic of that particular geographic area. Making certain assumptions about the temperature and other parameters [-see , we may calculate the 5D value of the H20 that coexisted with the hydrothermal chlorites and biotites in the heavily altered samples, as shown on Figure 11 . Such a 6D value will represent the original 5D value of the surface waters involved in the hydrothermal convective systems at the time of alteration, so by plotting this value on the meteoric water line [Craig, 1963] , we can obtain a complete picture of the original isotopic compositions of these waters prior to their entrance into each hydrothermal system; such a calculation was carried out for the various geographic areas delineated on Figure 9 , with the results as shown in Figure 11 . sequently, during the Tertiary hydrothermal episode, the outermost, more exposed portions of the quartz grains were strongly depleted in x SO by exchange with the meteorichydrothermal fluids. This event lowered the mean 6x sO of the coexisting feldspar from about + 8.5 all the way down to a value of -2.8, but lowered the mean 6xsO of the quartz only about 3%0, down to +7.1 (Table 6 ). Overall, the feldspar underwent much greater x sO depletion than the quartz, but as the data in Figure 12 show, part of the quartz was lowered to an even greater degree than was the bulk of the feldspar. This probably implies that the feldspar in this rock is isotopically zoned as well, apparently locally having 6x80 as low as -10; however, we have not undertaken any F2-stripping experiments on the feldspars to demonstrate these effects directly.
We have examined the F2-stripped quartz grains under high magnification, using before-and-after SEM photographs (available from the authors on request). As might be a priori expected, these SEM photographs show that the fluorine attacks the quartz grains in an irregular fashion, preferentially liberating oxygen along cracks and imperfections, as well as also leaving a reacted surface with a very irregular, "pitted" Table 8 The 5180 values of the other batholiths farther to the east in southern British Columbia (Table 8) (particularly in the PRB). Why should this be? It seems appropriate to appeal to the complex superposition of Cenozoic and late Mesozoic intrusive events in the north, as well as to the much more complex reshuffling of the various plutonic and tectonostratigraphic terranes that make up the YakutatSkagway-Yukon region. The complex Mesozoic and Cenozoic tectonic activity has produced a myriad of small, more elongate, and sliverlike terranes in the north. This could have either "mixed up" any 6•80 asymmetry originally present in the plutonic rocks, or else the premagmatic tectonic reshuffling could have caused a complex superposition of the various source materials that were ultimately melted to form the granitic magmas. Obviously, much more detailed isotopic and age studies will need to be carried out to sort out these complex relationships. In any case, there is certainly a striking contrast between the simple geological, isotopic, and age patterns in the PRB [Taylor and Silver, 1978 
Most of the other 6x80 values listed in
